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QUESTION 1 [20 marks] 
(a) (i) Determine and justify if the function cos(nx/4) is an eigenfunction of the 


; a, 207 
operator oe, and (ii) ——;. Note that 7 is a constant. 
dx dx 


(ii) If the function cos (nx/4) is an eigenfunction of either operator, what is the 


corresponding eigenvalue? 


Note: < sin iixS (= vA 00 | cos f (x) <cos J(x)=- (4 ra 09 sin f (x) 


d Z 
— yy" =ynx™! 
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(b) The radial part of the wavefunction of the 3s atomic orbital is 


vee) (2) 


This wavefunction will go to zero (i.e., have a radial node) when the term in the 


R3.9(7) = N59 


large square brackets goes to zero 


aweie 


Substituting x for r/a, (for simplicity) we can solve this for x, and we end up with 
x = ].9 and x = 7.1, therefore we can say that there are radial nodes at r = 1.94, 
and 7.1 a,. Using this example, determine the position of the radial node in the 3p 


orbital. The radial part of the wavefunction for the 3p orbital is given by 


ns=i[e(£)-(£) Joo(-5] 


(c) Sketch an MO diagram for He. On the basis of your diagram, would you expect 


this molecule to be stable with respect to dissociation into atoms? Make what 
predictions you can about the stability of the molecules He3* and H> with respect 


to dissociation. 


Question | (d) is on page 3 
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(d) Define enthalpy change in terms of internal energy, pressure and volume changes. 
What path function is this equivalent to and what is the enthalpy change for an 


ideal gas and under isothermal conditions? 


(e) Explain how metallic conductors and semiconductors are identified and explain 


their electrical properties in terms of band theory. 


QUESTION 2 [10 marks] 


(a) Evaluate the kinetic energy of the particle with a wavefunction given by 


—IKX 


w(x)=e"* +e, where k is a constant. 


ee n h d’ 
Kinetic energy operator: 7 =—-—-—> 
2m ax 
Note: # fo = Lae a) eee | ae Sai 
dx ax dx 


(b) A normalized wavefunction for a light atom rotating around a heavy atom to 


which it is bonded is given by w(¢) =~V1/2z e’®. Calculate the probability of finding 
the light atom between @=2/2 and @ =37/2. | 


b n+] b 

n x ¥ y (x+y) 

Note: [x dx = e.e =e 
n+] 
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QUESTION 3 [10 marks] 

(a) Construct an MO diagram for the diatomic molecule CH, label the MOs, indicate 
which orbitals are occupied, and sketch the form of the occupied orbitals. The 
relevant orbital energies are: H 1s -14 eV; C 2s -19 eV; C 2p -12 eV. To a first 


approximation, you can ignore the interaction between the H 1s and C 2s. 
(b) What does your MO diagram predict about CH and it’s ion CH"? 


QUESTION 4 [10 marks] 

a) Construct an MO diagram for the molecule, F-H-F’. The F 2s orbital is at -43 eV, 
the F 2p orbitals are at -20 eV, and the H 1s orbital is at -14 eV. 

HINT - Take the F-H-F internuclear axis to be the z-axis, and use symmetry adapted 
orbitals (SO) for the F contribution to the MO’s. 


Question 4 (b) 1s on page 4 
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(b) Sketch the form of the MO’s 


(c) Indicate on your MO diagram which MO’s will be occupied. 


QUESTION 5 [10 marks] 
A sample of 1.00 mol H2O(g) (assume ideal gas) is condensed isothermally and 
reversibly to liquid water at 100°C. The standard enthalpy of vaporization of water at 


100°C is 40.656 kJ mol’. Find w, g, AU, and AH for this process. 
Data: R = 8.3145 JK mol! 


QUESTION 6 [10 marks] 
Given the data below, compute A,H°, A,S° and A,G° at 298 K for the following 


reaction, and hence find the value for the equilibrium constant. 


N20,(9) = 2NO02(g) 


Data: ApH°(N20,4(g)) = 9.08 kJ mol, ArH°(NO2(g)) = 33.10 kJ mol, 


Smn(N204(g)) = 240.0 JKtmol"?, 5;,(NO2(g)) = 304.4 JK tmol*, all at 298 K. 


QUESTION 7 [10 marks] 
(a) Using the following information write down the equations for each step and 


calculate the enthalpy of formation of the hypothetical compound KF; (s): 


Dissociation of F2(g) = +155 kJ mol’ 
Electron affinity for F (g) =—328 kJ mol’ 
lonization of K (g) = +3488 kJ mol” 
Sublimation of K (s) = +89 kJ mol” 

Lattice enthalpy of KF (s) = —2400 kJ mol” 


(b) Do you expect this solid compound to form? Why or why not? 
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